In this paper we have produced different kinds of bimagic squares based on bimagic squares of order 8 ×8, 16 ×16, 25 ×25, 49 ×49, etc. A different technique is applied to produce bimagic square of order 16 ×16, 25 ×25, 49 ×49, etc. The bimagic square of order 8 ×8 used is the already known in the literature. The work is neither based on any programming language nor on mathematical results. Just simple combinations are used to produce these bimagic squares. Moreover, in each case we have used consecutive numbers starting from 1.
Introduction
In this work we produced different orders of bimagic squares containing bimagic or semibimagic squares. Most of the work is based on the bimagic squares of orders 8×8, 16×16 and 25×25. We have also produced new bimagic squares of order 49×49, 121×121. The bimagic square of order 8×8 is obtained long back by Pfeffermann 1891 [5] . The bimagic squares of order 16×16 and 25×25 are very much similar to one given in [2] as examples. The difference is that the bimagic square of order 16×16 appearing in [2] don't have the property that each sub-block of order 4×4 as a magic square, while in our case it happens. The bimagic square of order 25×25 is very much similar to given in [2] but we have applied a little different approach to produce it. The bimagic square of order 49×49 is long back produced by G. Tarry 1895 [1] . Here also we applied a little different approach. We have produced the bimagic square of order 121×121 without knowing that is it done before. Based on the approach adopted in this work, we can always produce bimagic squares using squares of prime number such as 13 2 × 13 2 , 17 2 × 17 2 , etc.
No programming language is used, just simple combinations are sufficient to produce whole the work. In each case, we have used consecutive numbers starting from 1. Some of these files are available at the authors' web-site given above.
During construction we observe that in case of orders k 4 × k 4 , k = 4, 5 and 7, in the previous subgroup k 3 × k 3 , k = 4, 5 and 7 the bimagic sums has the value in each case. For more details see the table given at the end as an open problem to prove it  mathematically. Before we proceed, here below are some basic definitions:
(i) A magic square is a collection of numbers put as a square matrix, where the sum of element of each row, sum of element of each column and sum of each element of two principal diagonals have the same sum. For simplicity, let us write it as S1.
(ii) Bimagic square is a magic square where the sum of square of each element of rows, columns and two principal diagonals are the same. For simplicity, let us write it as S2.
(iii) Upside down, i.e., if we rotate it to 180 0 degree it remains the same.
(iv) Mirror looking, i.e., if we put it in front of mirror or see from the other side of the glass, or see on the other side of the paper, it always remains the magic square.
(v) Universal magic squares, i.e., magic squares having the property of upside down and mirror looking are considered universal magic squares.
A good collection of multimagic squares can be seen in [1] . New upside down and universal magic squares can be seen in Taneja [6] - [11] .
Details
Whole the work we have divided in small parts. In the end we have given magic and bimagic sums in each case.
First Part
In this part we have presented bimagic squares of the following orders:
16×16, 32×32, 56×56, 64×64, 72×72, 88×88, 96×96, 104×104, 112×112, 128×128, 144×144, 176×176, 208×208, 224×224, 256×256, 512×512, 1024×1024, 2048×2048 and 4096×4096.
Let us divide the above bimagic squares in three small groups.
First Small Group
In this subsection we have given the following bimagic squares 16×16, 64×64, 256×256, 1024×1024 and 4096×4096.
In this group we have the special property that each block of orders 16×16, 64×64, 256×256 and 1024×1024 are also bimagic squares. Also, each block of order 4×4 is a magic square. In case of magic squares of order 256×256 each block of order 64×64 has the same bimagic sum S2. In case of magic squares of order 1024×1024 and 4096×4096 each block of order 256×256 produces a same bimagic sum S2 for 64×64. Using the same procedure we can also calculate the bimagic square of order 128×128. Its values are given in the last section.
Second Small Group
In this subsection we have given the following bimagic squares 32×32, 64×64, 96×96, 128×128, 512×512 and 2048×2048.
This group has the special property that each block of orders 8×8, 64×64, 96×96, 128×128, 512×512 and 2048×2048 is either a bimagic or semi-bimagic square but the final group is always a bimagic square. Each block of order 8×8 is always a magic square having the same magic sum S1 in whole the order. The bimagic square of order 160×160 can also be calculated with the same procedure, but we have calculated it in the next part as multiple of 16. If we calculate 128×128 according to first small group i.e., using bimagic square of 16×16, then the next orders 512×512 and 2048×2048 can also be calculated as combinations of bimagic squares of order 16×16. In this case all the bimagic squares of this group goes to first small group except 32×32 and 96×96.
Third Small Group
In this subsection we have given the following bimagic squares 56×56, 72×72, 88×88, 104×104, 112×112, 144×144, 176×176, 208×208 and 224×224.
In case of 56×56, 72×72, 88×88 and 104×104, each block of order 8×8 is either a bimagic or semi-bimagic square but the final order is always a bimagic square. Each block of order 8×8 is always a magic square. While, in case of 112×112, 144×144, 176×176, 208×208 and 224×224 each block of order 16×16 is a bimagic square with the property that each block of order 4×4 is a magic magic square.
Second Part
In this part we have presented bimagic squares of the following orders: 40×40, 80×80, 120×120, 160×160, 200×200, 240×240, 400×400, 600×600, 800×800, 960×960, 1000×1000, 1200×1200, 1600×1600, 2000×2000, 2400×2400, 3000×3000, 3200×3200 and 4000×4000.
Let us divide the above bimagic squares in two small groups
First Small Group
In this subsection we have given the following bimagic squares 80×80, 160×160, 240×240, 400×400, 800×800, 960×960, 1200×1200, 1600×1600, 2000×2000, 3200×3200 and 4000×4000.
This group we have the special property that each block of orders 16×16 is a bimagic square with each block of order 4×4 as a magic square. In higher cases such as 400×400, each block of order 80×80 is also a bimagic square, etc.
Second Small Group
40×40, 120×120, 200×200, 600×600, 1000×1000, 2400×2400 and 3000×3000, This group has the special property that each block of orders 8×8 is either a bimagic or semi-bimagic but the final group is always a bimagic square. Each block of order 8×8 is always a magic square. In the higher case such as 200×200, each block of order 40×40 is a bimagic or semi-bimagic, etc.
Third Part
In this section we have presented bimagic squares of following orders:
25×25, 125×125 and 625×625
Here each block of order 5×5 is a magic square with the same sum S1. Each block of orders 25×25 is a bimagic square. In case of 625×625, each block of order 125×125 is also a bimagic square with the same sum S2.
Forth Part
In this section we have presented bimagic squares of the following orders:
49×49, 343×343 and 2401×2401.
Here each block of order 7×7 is a magic square with the same sum S1. Each block of order 49×49 is a bimagic square. Moreover, in case of 2401×2401 each block of order 343×343 has the same bimagic sum S2.
Fifth Part
121×121 and 1331×1331.
Here each block of order 11×11 is a magic square with the same sum S1. Each block of order 121×121 is a bimagic square. The next order 14641×14641 multiple of 11 with 1331 is not calculated because of higher values.
Semi-Bimagic Squares
Following the same approach applied to obtain bimagic squares in the above sections, we can still have semi-bimagic squares of orders 24×24 and 48×48 with the property that in case of 24×24, each block of order 8×8 is a magic square with three blocks of order 8×8 as bimagic and six blocks as semi-bimagic. In case of 48×48, each block of order 4×4 is a magic square. Here we have 9 blocks of bimagic squares of order 16×16. For the numerical values of these semi-bimagic squares see the last section.
Bimagic Squares of Magic Squares
Tarry-Cazalas [3] in 1934 (see [1] ) gave a bimagic square of order 9×9 . Following the idea of Tarry-Cazalas and the approach adopted above, we obtained here bimagic squares of orders: 81×81 and 729×729 .
These two bimagic squares have the property that each block of order 9×9 is just a magic square, rathar than bimagic as in the other cases studied above. Also the sum of all 9 member in each block of order 3×3 has the same sum as of S1 9×9 . If we follow the idea of Pfeffermann (see [1] ) of bimagic square of order 9×9 and use our approach, we are unable to get bimagic squares of orders 81×81 and 729×729. In whole the work, this is the only case, where we don't have subgroups of bimagic squares.
We can still have bimagic squares of orders 81×81 and 729×729 considering just magic square of order 9×9. In this situation, we get bimagic squares with the property that each small groups of orders 3×3 and 9×9 are semi-magic squares finally giving bimagic squares of orders 81×81 and 729×729 . For details see the files given in authors' site [13] .
Open Problem
The bimagic square of order 16×16 already known in the literature don't have the property that each block of order 4×4 as a magic square. This we have done in this work. We have produced bimagic squares of order 25×25, 49×49, 121×121, etc. in a different approach than the one already known in the literature. Interesting the approach adopted lead us the following property: Order 7×7 S1:=20176807
We observe from the above table that in the first sub-group in each case the S2 is same, i.e., k
, 5 and 7. Now the question is to prove it mathematically? Moreover, if we go to higher order, for example in case of 1024×1024, the bimagic squares of order 64×64 has the same sum S2 in each group of 256×256, while the bimagic sums S2 for 256×256 give different values.
Numerical Values
Here below are the numerical values in each case. Some files of these bimagic squares can be downloaded at authors' web-site [13] :
• Bimagic square of order 16×16 S1 4×4 := S1 32×32 = 4100 S1 32×32 := 16400 S2 32×32 := 11201200
• Bimagic square of order 40×40 S1 8×8 := 1 5 S1 40×40 = 6404 S1 40×40 := 32020 S2 40×40 := 32165340
• Semi-Bimagic square of order 48×48
S1 48×48 = 4610 S1 48×48 := 55320 S2 48×48 := 84989960 -(rows and columns) S2 48×48 := 84990120 -(diagonal -1)
• Bimagic square of order 49×49 S1 7×7 := 1 7 S1 49×49 = 8407 S1 49×49 := 58849 S2 49×49 := 94217249
• Bimagic square of order 56×56 S1 8×8 := 1 7 S1 56×56 = 12548 S1 56×56 := 87836 S2 56×56 := 183665076
• Bimagic square of order 64×64
• Bimagic square of order 72×72 S1 8×8 := S1 81×81 = 29529 S1 81×81 := 442416 S2 81×81 := 1162527201
• Bimagic square of order 88×88 S1 8×8 = 1 11 S1 88×88 = 30980 S1 88×88 := 340780 S2 88×88 := 1759447140
• Bimagic square of order 96×96 S1 8×8 := 1 12 S1 96×96 = 36868 S1 96×96 := 442416 S2 120×120 := 2718351376
• Bimagic square of order 104×104 S1 8×8 = 1 13 S1 104×104 = 43268 S1 104×104 := 562484 S2 104×104 := 4056072124
• Bimagic square of order 112×112
• Bimagic square of order 120×120 S1 8×8 := 1 15 S1 120×120 = 57604 S1 120×120 := 864060 S2 120×120 := 8295264020
• Bimagic square of order 121×121 S1 11×11 := S1 400×400 = 320002 S1 400×400 := 32000200 S2 400×400 := 3413365333400
• Bimagic square of order 512×512
S1 512×512 = 524290 S1 512×512 := 67109120 S2 512×512 := 11728191138560
• Bimagic square of order 600×600 S1 8×8 := 1 15 S1 120×120 = 1 75 S1 600×600 = 1440004 S1 600×600 := 1018000300 S2 600×600 := 25920108000100
• Bimagic square of order 625×625 S1 5×5 := S1 800×800 = 5120008 S1 800×800 := 256000400 S2 800×800 := 109226922666800
• Bimagic square of order 960×960 S1 4×4 := S1 1000×1000 = 4000004 S1 1000×1000 := 500000500 S2 1000×1000 := 333333833333500
• Bimagic square of order 1024×1024 S1 4×4 := S1 1200×1200 = 2880002 S1 1200×1200 := 864000600 S2 1200×1200 := 829440864000200
• Bimagic square of order 1331×1331 S1 1600×1600 = 5120002 S1 1600×1600 := 2048000800 S2 1600×1600 := 3495255381333600
• Bimagic square of order 2000×2000 S1 4×4 := 1 4
